Within the framework of the active surveillance for transmissible spongiform encephalopathies in sheep in Sweden, 4 cases of the atypical form of scrapie, Nor98, were identified during 2003. Nor98 is a recently recognized and poorly understood variant of scrapie, first described in Norway. The cases were positive by the rapid test (enzyme-linked immunosorbent assay). Immunohistochemical staining showed diffuse thingranular staining of the cerebellar cortex. Western immunoblotting analysis of specimens of brain stem and cerebellum showed a light band of approximately 12 kDa. Typical scrapie was ruled out based on the confirmatory testing. The affected ewes were from 4 different flocks. They were between 7 and 9 years old. Two were of the ARQ/ARQ genotype, 1 ARR/ARQ, and 1 ARR/AHQ. Two ewes had shown ataxia, and the other 2 had no clinical signs. Whole-flock slaughter was applied, and testing of the flock mates did not reveal additional cases. Nor98 differs from typical scrapie in its epidemiology, frequency of genotypes of sheep affected, clinical signs, microscopic lesions, distribution of scrapie prion protein in the brain, and characteristics of the immunostaining and immunoblotting profiles.
Transmissible spongiform encephalopathies (TSEs) are neurodegenerative prion diseases and include, among others, scrapie of sheep and goats, bovine spongiform encephalopathy (BSE) of cattle, Creutzfeldt-Jakob disease (CJD) of humans, and chronic wasting disease of cervids. A new variant of CJD has been associated with BSE, 4, 10 raising concerns about exposure of humans to the cattle disease. As a result, large-scale testing of cattle has been conducted in the European Union (EU) since 2001. BSE has been successfully transmitted to sheep by oral exposure of 0.5 g of brain material. 8 The possibility that sheep may have been naturally infected with BSE, masked as scrapie, has raised a public health concern and led to enhanced surveillance for TSEs in sheep and goat flocks. In the EU, the TSE regulations 7 require active surveillance of fallen stock, dead-on-farm animals, and healthy slaughtered sheep over 18 months of age. Rapid tests applied to a brain stem sample were initially developed for BSE surveillance in cattle and approved by the European Commission for screening in small ruminants. 7 Positive results from the rapid tests have to be confirmed by scrapie prion protein (PrP sc ) immunohistochemistry (IHC), electron microscopic detection of scrapie-associated fibrils, or the more cumbersome Western immunoblotting assay (WB). 18 Sheep confirmed as TSE positive must also be genotyped. 7 Within the framework of the Norwegian national surveillance program for scrapie, a new variant of scrapie in sheep was identified in 1998. The condition was named 'Nor98' and has also been referred to as atypical scrapie. It was later found that a number of sheep positive by the enzyme-linked immunosorbent assay (ELISA) screening test a of brain stem (obex) samples exhibited different immunohistochemical, histopathological, and WB patterns from those of typical scrapie. Additional unusual features were observed in the epidemiology, clinical presentation, and frequency of genotypes of sheep affected. 2 The term typical scrapie is used in this report to refer to the disease as defined before Nor98 was identified. 13, 15, 20 The active surveillance for TSEs in sheep in Sweden in 2003 resulted in identification of 4 cases of Nor98. 13, 15, 20 The purpose of this report is to describe the presentation of this newly recognized variant of scrapie of sheep and to document its occurrence outside Norway. The age, breed, and genotype of the ewes and results of the ELISA, IHC, and WB of the 4 cases are presented in Table 1 . For the genotyping, genomic DNA from brain tissue was isolated using standard methods. Polymerase chain reaction amplification was performed to amplify a 447-bp-long fragment of the PrP gene, including the codons of interest (136, 154, and 171). Variations in codons 136, 154, and 171 were detected by standard DNA cycle sequencing.
The first case was detected in April in an ewe from the southern county of Skåne. The ewe had difficulties in rising after lambing and displayed hind limb ataxia. The animal was sent to slaughter, and a sample of brain stem was submitted to the National Veterinary Institute (SVA) of Sweden for TSE screening. The sample was tested by ELISA a and gave a positive result (Table 1) . Histopathology and PrP sc IHC were conducted at SVA as confirmatory testing. For IHC, the sections were pretreated with 96% formic acid for 20 minutes, followed by hydrated autoclaving at 122 C for 30 minutes. The monoclonal antibody (MAb) F89/160.1 b was applied as the primary antibody. No histological lesions or immunohistochemical staining were observed in any of 3 sections of brain stem, including the obex. In a piece of cerebellum that accompanied the brain stem sample, mild vacuolation of the molecular layer was observed. The vacuoles were round and empty and had sharp borders. A diffuse thin-granular positive immunostaining was observed throughout the molecular layer, with the staining being more intense in the outer layers. Faint staining was observed in the granular cell layer ( Fig. 1 ). After the positive result in the initial screening test, the head of the ewe, which had been kept at the slaughterhouse awaiting the test result, was submitted to SVA for further testing. Additional sections of brain stem (5 sections) and cerebellum (1 section) showed histopathology and IHC results similar to those observed in the initial sample. A few vacuoles were observed in cerebrocortical areas but could not be interpreted with certainty as a TSE-specific change because of the presence of background vacuolation. The IHC of cerebrum, tonsils, and head lymph nodes were negative. Specimens were submitted to the National Veterinary Institute in Norway (NVI) and to the EU Community Reference Laboratory for TSE, Veterinary Laboratory Agency (VLA), Weybridge, UK. At NVI, ELI-SA a was positive for brain stem and midbrain samples ( Table  1 ). The IHC was performed at NVI, as described previously, 2 using F89/160.1 b as the primary antibody and was repeated using 12F10 c and 2G11 d as primary antibodies. The results were similar to those obtained in Sweden, with no detectable immunostaining in the brain stem but positive staining in the cerebellum. In addition, WB was performed at the NVI, using both a bovine WB e procedure and a sheep and goat WB f protocol for the detection of PrP sc ; both procedures were performed according to the manufacturer's instructions. A clear positive signal showing 2 upper bands between 20 and 30 kDa and a lower band at approximately 12 kDa was obtained in samples from mesencephalon, cerebellum, and, to a lesser extent, cerebral cortex (Table 1 ). This electrophoretic profile of Nor98 has been described previously 2 ; the lower band is not observed in other scrapie or BSE strains. At the VLA, sections for IHC were pretreated with 98% formic acid for 5 minutes, followed by citrated autoclaving at 121 C for 5 minutes. The MAb R145 g was applied as the primary antibody. This produced clearly visible immunostaining in the molecular layer of the cerebellum. The absence of lesions or immunostaining in the typical scrapie target sites in the brain stem was also confirmed at VLA. The second case was an ewe from the Baltic island of Gotland submitted for slaughter in September. A brain stem sample was obtained for TSE testing, and the ELISA a of an obex sample conducted at SVA was positive ( Table 1) . Tissue preservation was suboptimal, and histopathology showed background vacuolation. Immunohistochemistry using MAb F89/160.1 b on 4 sections of brain stem showed no diseasespecific immunostaining. Nevertheless, a small part of cerebellum that had been sampled with the brain stem showed the same pattern and distribution of PrP sc as in the first case. The head of the ewe was sent to SVA for additional testing. Immunohistochemistry on new blocks of medulla oblongata, midbrain, and cerebral hemispheres was negative, whereas cerebellum was positive again. Histopathology was precluded because of artifactual vacuolation. Brain material was submitted to the NVI, where the ELISA a test gave a positive result ( Table 1 ). The IHC 2 conducted at the NVI, applying the same procedure as in the first case, showed PrP sc accumulation in the cerebellum, with a similar pattern and localization as observed at SVA and in the other Nor98 cases. The WB f performed at NVI on cerebral cortex and cerebellum gave a clear positive signal with a Nor98 profile ( Table  1 ; Fig. 2 ). At VLA, IHC on the cerebellum was performed again with R145, g which gave the weakest immunostaining, and a number of other primary antibodies. The antibody 2G11 d gave the strongest staining, extending throughout the molecular and granular layers. Absence of immunostaining in the brain stem (medulla at the obex and at the level of the cerebellar peduncles) was confirmed.
The third case diagnosed in December was from the county of Bohuslän in the southwest. The ewe had no signs of disease and was euthanized because of old age. The carcass was sent to a rendering plant where a brain stem sample was obtained for TSE testing. The ELISA a test was positive at SVA and was confirmed at the NVI ( Table 1) . The WB f analysis of brain stem at NVI showed the characteristic Nor98 electrophoretic profile (Table 1; Fig. 2 ). The sample was autolyzed and unsuitable for histopathological interpretation. A very small piece of cerebellum was included in the brain stem sample; PrP sc accumulation of the type observed in Nor98 was demonstrated in the cerebellar cortex by IHC at SVA. No immunostaining was observed in the brain stem. All the material processed at the rendering plant is routinely incinerated; therefore, it was not possible to obtain more samples.
The fourth case was diagnosed in late December in an ewe of the skogsfår or Värmlandsfår breed, which is an old endangered Swedish breed, from Västra Götaland. The animal had been stiff, cachectic, and ataxic in the hind legs. It was euthanized and sent to a rendering plant. The brain stem was sampled for TSE testing. The ELISA a results at SVA and later on also at the NVI were positive (Table 1 ). Histopathology was precluded because of autolysis. The IHC of the autolyzed tissue showed 2 small areas of PrP sc accumulation; the neuroanatomical localization could not be identified. The WB f analysis at NVI gave a positive signal with a Nor98 electrophoretic profile pattern ( Table 1 ). The carcass had been incinerated, and no more material was available for further testing.
Whole-flock slaughter and destruction followed by disinfection of premises and a ban on repopulation for 7 years were applied to the 4 affected premises. All culled animals more than 12 months of age, a total of 39, 84, 42, and 6 in the 4 affected farms, were tested by ELISA, and all were negative. In addition, all the offspring of the 4 affected ewes (1, 2, 4, and 3 offspring, respectively) were tested by ELISA and IHC, the latter on cerebrum, cerebellum, brain stem samples and in 3 animals also on lymphoid tissues. All tested negative.
The last known cases of typical scrapie in Sweden occurred in 2 ewes in a small flock in 1986. 6 Therefore, it was important to confirm if the positive cases from the rapid test in 2003 were actually scrapie cases and thus represented a reemergence or an introduction of the disease. Typical scrapie was ruled out based on the testing conducted in 3 different laboratories. Instead, Nor98 was diagnosed based on the IHC and WB analyses.
It is not known if Nor98 is an infectious disease or if it is transmissible under natural conditions. Preliminary results of intracerebral inoculation of transgenic mice carrying ovine VRQ/VRQ PrP gene indicate that Nor98 is transmissible. 3 In the EU, Nor98 has been classified as a TSE. 17 The measures applied in the affected flocks were in accordance to the Swedish National Surveillance Program for scrapie and the TSE regulations. 7 The data accumulated so far indicate that Nor98 behaves epidemiologically differently from typical scrapie. All the cases of Nor98 diagnosed so far affected only 1 animal in the flock; no further cases were detected after testing all flock mates. 2 Depopulation of the affected flocks in Sweden was considered prudent because of the yet unknown features of Nor98 and the possibility that other TSE cases in flock mates that were not detectable by the current methods could not be ruled out. The 4 affected flocks occurred in different geographical areas and were not known to have had any contacts or movement of animals among them.
Clinical signs in Nor98, when present, are only neurological (ataxia); pruritus or loss of wool has not been observed. 2 Vacuolation of neuronal perikarya and neuropil vacuolation in target areas in the brain stem, which are classical lesions of typical scrapie, 1, 13 were not observed in the Nor98 cases in this report. Instead, vacuolation of the molecular layer of the cerebellum (also seen in typical scrapie but not in the absence of brain stem changes) was observed in the first case, in which the quality of the material allowed histopathological interpretation. These findings are in agreement with the previous description of Nor98. 2 Differences with typical scrapie were also noticed in the pattern of PrP sc deposition observed with IHC. In Nor98, immunostaining of the molecular layer in the cerebellum appeared as thin diffuse granules in the molecular layer and a weak stain of granular cells. This diffuse granular type of staining has not been reported previously in typical scrapie. 9, 15 The neuroanatomical distribution of the immunohistochemical staining described previously in Nor98, with preference for the cerebellar cortex, 2 was corroborated by the findings in the Swedish cases in this report. Likewise, no PrP sc accumulation was detectable by IHC in the medulla. This poses diagnostic difficulties with the current sampling protocol when IHC is used as the confirmatory method. In 3 of the cases described in this report, a piece of cerebellum was fortunately included in the original obex sample obtained through the foramen magnum, allowing the confirmation of Nor98 by IHC.
The active surveillance for TSE in sheep in Europe is based currently on a single brain stem sample 7 that is subdivided for rapid and subsequent confirmatory testing. The sample is obtained by introducing a spoon-shaped spatula with sharp edges through the foramen magnum. Cerebellum is usually not included in the sample, but depending on the sampling technique, small pieces may follow accidentally the brain stem sample or may in some cases be purposely obtained with the instrument. Cases in which the rapid test (ELISA) is positive but the confirmatory test (IHC of the brain stem) is negative are classified as unconfirmed scrapie, unless material from other brain regions or other types of confirmatory testing are available. The finding of atypical forms of TSEs in sheep, with a different distribution of PrP sc in the brain, indicates a need to review the sampling protocol.
More uncertainty is added to the evaluation of the results of TSE testing in sheep in EU by the fact that the 5 screening tests that are approved for small ruminants 7 have so far been validated only for BSE in cattle. 14, 16 It has, however, been recommended that the rapid tests should be validated for sheep, also taking into consideration the variation in test performance related to genotype 17 and strain.
In Sweden, the TSE surveillance program requires that the whole body (including the head) of any sheep that undergoes TSE testing after slaughter be stored refrigerated until the result of the screening test is available. If positive, all parts are destroyed except for the head, which is submitted to SVA to obtain more material for confirmatory testing. This process proved useful in the 2 abattoir cases in this report. Approximately 20% of the sheep slaughtered and all animals more than 18 months of age sent for rendering have been tested in Sweden since 2002. As of December 31, 2003, 11,402 had been tested of a national population of 200,000 ewes. In rendering plants, the complete carcass (including the head) is sent directly to incineration after sampling. Of-ten, the brain stem samples obtained at rendering plants are autolytic and unsuitable for histopathology and IHC. Therefore, WB is the method of choice for confirmation of positive screening results. A WB of high sensitivity and adapted to atypical strains like Nor98 make confirmation possible on brain stem. 2 The fact that PrP sc in cases of Nor98 can be demonstrated in the brain stem by ELISA and WB but not by IHC might reflect a lower sensitivity of the latter test, at least when applying the IHC protocol used for typical scrapie.
The influence of the PrP gene polymorphisms of the sheep on their susceptibility to scrapie has been described. 5, 12 Certain genotypes, such as VRQ/VRQ, are known to be highly susceptible, whereas others like ARR/ARR are considered resistant. In UK, a National Scrapie Plan to achieve a higher genetic resistance to scrapie in the sheep population is in place (National Scrapie Plan, http://www.defra.gov.uk/animalh/bse/ bse-science/scrapie/nsp/nsp.html. Accessed 24 August 2004). According to this plan, the most frequent genotypes are classified into 5 types in descending order of resistance to scrapie. The ARR/AHQ and ARR/ARQ genotypes determined for the first and fourth cases, respectively, in this report belong to type 2 and are considered as relatively resistant to scrapie. The ARQ/ARQ genotype determined for cases 2 and 3 in this report are classified as type 3, with little resistance. The description of Nor98 in Norway showed its occurrence in genotypes rarely associated with scrapie, and although highly susceptible genotypes were present in the culled flock mates, no more cases of TSE were detected in these flocks. 2 The origin of Nor98 is unknown. It has been speculated that it may represent a spontaneous prion disease of sheep. 2 The high age (7 to 9 years old) of the affected ewes in the 4 cases in this report is remarkable, and it has raised theories that Nor98 may be a disease associated with aging. Typical scrapie on the other hand occurs most often in sheep 2-5 years of age. 11 It is also possible that Nor98 may be caused by a previously unrecognized strain of scrapie that was not detected because of its low pathogenicity or prevalence until large-scale testing of slaughtered animals and fallen stock with a highly sensitive test was applied. Cases positive in the ELISA, a which cannot be confirmed as typical scrapie by IHC of the obex, may remain unclassified in the absence of other regions of the brain to examine. Cases belonging to this category of unconfirmed or unclassified TSE status have occurred in several countries in Europe. For example, in UK, 28 such cases were found between January 2002 and March 2003. 19 Of further concern is the fact that some of these unclassified cases occurred in sheep with ARR/ARR genotype. 17 A policy of breeding sheep for TSE resistance and basing culling strategies on genotyping has been applied in EU since 2003 (Commission Decision 2003/100/EC). The emergence of this new variant of scrapie, Nor98, and possibly other forms of atypical scrapie in resistant genotypes, has led to a reassessment of this program. 17 The understanding of prion disease in sheep of the authors is being challenged and extended by such newly described variants, but further work is required before the implications of these observations on animal or human health can be fully defined.
